distinguished Zygophyllum from Tetraena, the fruit being a loculicidal capsule and the staminal appendages undivided in the former, whereas in the latter the fruit is a schizocarp and the staminal appendages sometimes split. However, they transferred 35 species from Zygophyllum to Tetraena as new combinations; these species are from Africa and Asia. Subsequently, many authors (e.g., Norton et al., 2009; Louhaichi et al., 2011; Mosti et al., 2012; Sakkir et al., 2012; Symanczik et al., 2014; Ghazanfar and Osborne, 2015) agreed with the new classification proposed by Beier et al. (2003) and used the new combinations proposed them. Thus, Tetraena currently has a distribution stretching from the Canary Islands in the west to South Africa in the south and China in the east.
Zygophyllum hamiense Schweinf., 1899; Z. mandavillei Hadidi, 1977; and Z. qatarense Hadidi, 1978 are known from the Arabian Peninsula and Saudi Arabia. Zygophyllum mandavillei is morphologically distinguished from other species of its section by its glabrous, large, long-stalked flowers and by its sausage-shaped capsules (El-Hadidi, 1977) , while Z. qatarense is distinguished by its clavate or obconical leaflets (4-7 mm long), short-stalked flowers (2-3 mm), and small-sized fruits (8 × 3 mm) (El-Hadidi in Boulos, 1978) . Several authors (Hosny, 1978 (Hosny, , 1988 Batanouny, 1981; Collenette, 1985 Collenette, , 1999 Mandaville, 1986 Mandaville, , 1990 Cornes and Cornes, 1989; Western, 1989; Thulin, 1993; Migahid, 1996; Sayed, 1996; Wood, 1997; Böer and Sargeant, 1998; Barth, 1999; Karim, 2002; Waly et al., 2011; Ksiksi et al., 2012) considered Z. hamiense, Z. mandavillei, and Z. qatarense as separate species, while other authors (e.g., Thomas and Chaudhary, 2001 ) considered them as varieties of Z. hamiense due to the morphological similarities of their leaflets and fruits. These species are among the 35 species transferred by Beier et al. (2003) from Zygophyllum to Tetraena and presently known as T. hamiensis (Schweinf.) T. mandavillei (Hadidi) and T. qatarensis (Hadidi) Beier & Thulin, 2003. In this work Tetraena hamiensis, T. mandavillei, and T. qatarensis are considered as three varieties of T. hamiensis based on the morphological characters of leaflets and capsules, using their qualitative and quantitative morphological characteristics. (Tables 1-3) , including both vegetative and reproductive features, such as leaf, flower, and fruit characters, were estimated with the aid of a Novex AP-20 stereomicroscope and 10× hand lens. The average measurements for ten mature leaves, flowers, and fruits were taken for each sample. Measurements for leaves, flowers, and fruits of dried herbarium specimens were supplemented by rehydrating material in boiling in water. Measurements are given in millimeters, except where indicated. Conservation threat assessments follow the International Union for Conservation of Nature (IUCN, 2014) . Voucher specimens are deposited in KAUH (proposed abbreviation), KSU, and RIY.
Materials and methods
Qualitative and quantitative characters of T. hamiensis were analyzed by principal coordinates analysis (PCoA) and the unweighted pair group method with arithmetic algorithm (UPGMA) based on the similarity matrix generated using Gower's general similarity coefficient (Gower, 1966) . Both analyses were performed using the package MVSP version 3.1 (Kovach, 1999) .
Results

3.
1. Morphological analyses 3.1.1. Principal coordinates analysis (PCoA) Gower's general similarity coefficient (Gower, 1966) was used for PCoA based on morphological data as shown in Figure 1 . The first three principal coordinate axes accounted for 42.277%, 12.421%, and 7.772% of the total variation in the data, respectively. The variance of the first two principal coordinates explained 54.698% of the total variation and the ordination of these two axes showed three groups ( Figure 1A ). The variance of the first and third principal coordinates accounted for 50.049% of the total variation and the two-dimensional plot of these two axis revealed three groups ( Figure 1B) .
Cluster analysis (UPGMA)
The relationships among the Saudi Arabian Tetraena hamiensis accessions were examined using UPGMA clustering based on Gower's general similarity coefficient (Gower, 1966) . UPGMA separated Saudi Arabian Tetraena hamiensis into three clusters (Figure 2 ). During field collection, some morphological varieties, especially in the leaf, flower parts, and fruit characters (Figures 3A-3F and 4A-4D; Table 4) were observed among Tetraena hamiensis individuals within the same location. PCoA and UPGMA tests displayed significant differences for the qualitative and quantitative morphological characters studied. In the PCoA of morphological data, individuals of Tetraena hamiensis split off as three clusters in both the first two axes and in the first and third axes ( Figures 1A and 1B) ; in cluster 1 nine individuals with characters partially overlapping those of T. qatarensis were grouped together, in cluster 2 four individuals with characters partially overlapping those of T. hamiensis were grouped together, and in cluster 3 seven individuals with characters partially overlapping those of T. mandavillei were grouped together. In the UPGMA dendrogram ( Figure  2) , individuals of T. hamiensis split off as three clusters; cluster I comprises individuals with characters entirely overlapping those of T. qatarensis, cluster II comprises individuals with characters entirely overlapping those of T. hamiensis, and cluster III comprises individuals with characters entirely overlapping those of T. mandavillei. (Gower, 1966) . Principal coordinate axes 1 and 2. B) Principal coordinate axes 1 and 3. Different symbols correspond to different species as shown in the legend. Clusters are indicated by numbers.
Taxonomy
Tetraena hamiensis (Schweinf.) Beier & Thulin in Pl. Syst. Evol. 240 (1-4): 35 (2003) . Perennial shrubs, green or reddish or yellowish green, up to 80 cm high, 90 cm wide. Stems pubescent, with unicellular simple trichomes. Leaves: mostly 1-foliolate, sometimes 2-foliolate in upper branches, terete, globular or cylindrical or clavate, 4-9 mm long, 3-6 mm wide, fleshy, pubescent or glabrous, petiole equal or longer than leaflets up to 9 mm long, stipules triangular, herbaceous, 1 × 1.5 mm, pubescent. Flowers bisexual, solitary at each node, white, 4-6 × 3-5 mm, pedicle 3-5 mm long. Sepals 5, rounded-obtuse at the apex, herbaceous, yellowish green, obovate, 3-5 × 2-3 mm, pubescent, aestivation imbricate. Petals 5, white, spatulate, 4-6 × 1.5-2 mm, estivation open. Stamens 10, 2-5 mm long, staminal appendages, undivided, 2-3 mm long, 1-1.5 mm wide, anther 2 lobes, yellow, dorsifixed, dehiscence longitudinally. Disc smooth. Ovary 5-locular, pubescent, single style, 0.5-1.5 mm long. Capsules a schizocarp, oblong-obovate, oblong-obconical, 5-angled or cylindrical, 8-20 × 2-5 mm, pubescent or glabrous, pedicle 5-10 mm long, pubescent or glabrous.
Tetraena hamiensis is distinguished from the other species of Tetraena by leaves mostly 1-foliolate, sometimes 2-foliolate, capsules oblong-obconical or cylindrical sausage-shaped (Table 4) .
Key to the Tetraena hamiensis varieties in Saudi Arabia
1-Leaflets clavate, 6-9 × 3-5 mm, green; petiole up to 9 mm; pedicels up to 5 mm long; capsule oblong-obconical 5-angled, clear lobed, 10-13 × 3-4 mm, pubescent, fruiting pedicel up to 10 mm long .. Figures 3A, 3D Beier & Thulin, Pl. Syst. Evol. 240 (1-4): 36 (2003) .
Conservation status: In terms of current conservation status, Tetraena hamiensis var. hamiensis appears to be distributed in some localities in the eastern and south central regions of Saudi Arabia. At the international level, this species is evaluated as Least Concern (LC), since it also grows in the United Arab Emirates, Oman, Kuwait, Yemen, Iran, and Somalia (IUCN, 2014) .
Habitat: Sands and saline soils. 
Discussion
Taxonomy must largely rely on morphological characters to define taxa. Problems in taxonomy arise when some taxa display a large amount of variability, due to phenotypic plasticity (van den Berg and Groendijk-Wilders, 1999) . In the present study, some morphological varieties, especially in the leaf, flower parts, and fruit characters, were observed among individuals of Tetraena hamiensis inhabiting the same location. A considerable number of these characters were scored and numerical methods (PCoA and UPGMA) were applied to study their variation among individuals of T. hamiensis. The obtained PCoA plots and UPGMA dendrogram gave quite similar results. In both the first two axes and in the first and third axes of the PCoA ( Figures 1A and 1B) Thomas and Chaudhary (in Chaudhary, 2001) in recognizing varieties under hamiensis. In our opinion, UPGMA and PCoA analyses can be used to study the morphological variation among individuals of the same species, since these analyses give insight into the degree of similarity among individuals and clear distinctions between the different varieties.
In the original description of Zygophyllum mandavillei (T. hamiensis var. mandavillei, in this work), El-Hadidi (1977) stated that the flower pedicle (5 mm long) is longer than the capsule pedicle (2 mm long) and the ovary is glabrous. Controversially, Mandaville (1990) recorded flower pedicles of about 3 mm long and capsules pedicles of 3-5 mm long, i.e. the flower pedicle nearly equal to or shorter than the capsule pedicle. Examination of ElHadidi's specimens, including the type specimens, revealed that the flower pedicle is up to 4 mm long, the capsule pedicle is up to 5 mm long, and the ovaries are pubescent. Also, in the original description of Zygophyllum qatarensis (T. hamiensis var. qatarensis, in this work), El-Hadidi in Boulos (1978) stated that the petiole length is as long as the leaflet, the ovary and capsule are glabrous, and the pedicle is 2-3 mm long. Examination of El-Hadidi's specimens, including the type specimens, revealed that the petiole length is up to 8 mm long, the leaflet is up to 6 mm long, the ovary is hairy, the capsule is pubescent, and the pedicle is up to 7 mm long.
